


*’
LA=lJR ‘81-2451

MINER

NJTPoqsl Stephen l.. H(I1 lvur, SuHnn l{. BJIIOK, and Thnrnuti A. Wenvcr

WDMIWED 70 Al)lll 5th [~r;lnlum S(’mlnilr, Alhtlqu(lrqut), N?I, S~ll)t(qml)~,,” luFll

Rmwm !)?Illfs mlwml is Uw!m

[

. ,. 1,1,4 , a,v, ”

1-., .
,1

?

ksAlamos NationalLaborator
lmsAlamos,New Mexico 8754 ~

About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.

For additional information or comments, contact: 

Library Without Walls Project 
Los Alamos National Laboratory Research Library
Los Alamos, NM 87544 
Phone: (505)667-4448 
E-mail: lwwp@lanl.gov



RESOURCECHARACTERIZATIONFOR URANIUMMINERALIZATION
IN THE MONTROSE1“ X 2“ QIJADRANGLE,COLORAIO

Stophon L. Bclivar, SuBas H. Salog, and Thomaa A. Weaver

Lea Alamv;a Hational Laboratory, Q-4, US-586
Lot! Alamon, Hew Moxioo 87545

A data-clasaif!catim scheme woo dovelopod to
detect p9tcnti51 uranium mineralization in tho
i!%ltrosc 1“ x 2“ fuadranglc, (!~lorado. ThO ■oth*d-
~?~g! dcvol~pod ia a rapid and officiont method of
rcsourcc ovaiuotion on ● roconnaiasanco ecale. Tmo
ncccmary tochniqboa WOPO Jovolspod and rofinod to
diei tizo, integrate, an II rogia tor various largo
gc~:w”:cal, goochomical, &ld &oophyaical data sets
f~r tho Ffentreao quadrangle, Colmad~, using ● grid
rcso:ution of 1 km. All data sots for the Montroao
q,Ja4ranglo were rcgistcrod ta tho Univoraal Trana-
vcrne Kcrcat9r pr~>octimm T!ic data -ots tncludo
!,::jrqp,oochcmjcal and atroam sed:mont ●nalyeon for 23
r:crcrtn, ur~~ium-t~-therium ratios, &irborno goo-
;~.:!sica: 8urVCy dmta, t.ho l~cati.mm af $Q uranium
occurroncoa, and ● gcsi~gic mF (acalo 1:250 000).
Cooct!emica? aamplce woro co!loctod frMz 7965 15ca -
ti?nc in Lhc :Q 200 km? quadrangle: ●erial data
we-.: C’): lcctc: cm flig?,t. lir?e?I f:wn with ~-c ku
s~t,::rlps. T},CSC rl~tq sots wcro smo9tf, ed ty univor-

nh: kt’:~ing ml interp9:a ted to a lqQ x IIa ree -
t~n~i:ar grid ~cnch grid bleck la 1 km?’. A mylar
tran~pb:”cnc,v af the gco; ogir! map wne proparod and
4:plt!Lod.

A:; P08R h:fi tom!’:nationn af throc, f~r all dnta
~ct~, were examined for $cncral gceiogic corrcletima
!:; utilizing a c?:5r micr~fi:m mltput. Subncta 5f
d~,ta were further oxamincj for aclcctod t:ryt aream.
A ‘?nn*ificntion achomo fw uran!um mincra!icatitm,
tnned m nclcctcr! t~st ●roaa in the Cgchotnpa uranium
i}~trict, ‘.8 proacritod. Aroea fav~rablo fer uranium
m:ncra; i:nt~on, baned ~n this ●chome, wore ldontifiod
VI nre dincuoacl.

The 5hJectivc ~f this rep~rt 1s to r?aractorizo
irn~n Usanlum oceurronrcn f~r the t’~chct~pm uranium
!:ptrict in the Mmiroao 1’ x 2* quadrangle md to
f:nd 5thcr arean !n the quadrangle with sirdiltr
c!.rirntctcrint. ca, It haa bcon ●ccompl ished by into-
t:~t!nu, in the c~mputor, avail ahlo Ns timal Uranium
Pc8%rcn !?vmluti?n ~PURE~ ce~ohektical roconnaieomcc
data, p?~lo~lc map information, uranium oncurronoo
dfl ta, and radimotrlc Md rngnotic data fr$m th O

hYTF airborne acaphyo ical euwoy.
T’hiL tcchn~:~gy waa doveiapod tq intorprc.t tho

:ar@c quw. tity ef data ●vailable fcw Many of tho
}’ x 2“ quadran~ltm in th~ eontinortal U.Si When
ncvc:a: dnta aotm aro inte~ratod into one iarto data
Frt a ~csith of lnf.j?mati~n cur b. extracted, only
9?,’ ar?pnct o? thi, projoct, that 9f uranium char-
actc~:zat:m, in cwcred in thio rop~rt-. other oppll -
catimo, detail~d doscrlptions nf the ncthedtil~~,
?tmtir tical man! p’u:a t lona , onhanoemcn t tochniquon,

and display optima me diaousnod in %livar ot al. ,
1*1 .

GEOLOGYAND URARIUMCCCURR~CES

Uenoral In formatim

!’ho Uontroao quadrangle oomprisoe ●bout 19 200
kn2 in south uoctern Color@ do. It includes aectima
sf the Smthmn Reoky Mountain and Colerade Plateau
byaio8raphic provinoea (Pig. 1). Tho West Elk
mmntaina, b Juan mwntoina, an~ Sauatch Range arc
tho dominant draina~ dividoa within the quad-
rmnglo.

A vido variety 9f i~ooua, metamorphic, and
soditaontary rQcka, rcprononting moat aajQr gcol~gic
poriQdm cr~p Qut in tho Wmtroao quadrangle. A
genoraliz.od geolagic map, Pig. 2, #hawa tho distri -
butim of maj9r mck units. Lithology ●nd rotzimal
&ealo# of this region havo boon doacribcd in detail
by many invr~tig~tor~ (o. g,, Wcimor ar,d Ham, lWO;
Haurr and K@nt, 19fI~; Epia, 1%8: T)cto, 1968 ar, d
!Q?5: ltkll~ry, 197?: ‘l%cto ct al. , 1976a~, On!y a
brief ●ummmry ia given horcin.

Tho Mmtroao quadrangle canaiata of throo maj~r
PhYai~UraPhic/go519gic provincoe: tho &tin tch-
Gumniam cryatallir,o torrano, tho San Juan-Went Eik
val:anic field, nnd tho Woatcrn Plateau nrca, ?hc
Sauatch-Ounn~am cryatal:ino tcrrmo ia under:ain
principally by Procamhrian ignc~un and mctam~rph!r
rocks and, tb ● loaaor oxtcnt, by Pale9z~~c aodlmon-
tory forma tlma and Tortimry plutmic r~ckn. ThC
San Juan-Wuat Elk volcanic provinoo la undcrlaln by
mld.’Tortiary intermodiato t~ folnic vQlcnnic r~cko,
whoroaa the Weatorn Piatoau la underlain by @cntly
dipping Moaox~ic aodimentary fQrmationn.

Radi~active Mineral Occurroncoe

Thoro ● ro appr~ximatoly 90 aoparato kncwn locA-
tima whcro uranium minorai.gat$m hna been identi-
fied er whero anmalwe radioactivity occuvn in the
fhntreoo quadrangle (Pig. ‘). Tho nincrn:izat!~n at
thenr ~ocurrencoa appoar~ t~ bo fracture and ~r
etra:i~raphically cmtrollod, !!Incrn;ization 1P
mleo cmmnly ●a?Qcintcd with ahoar xonc~, f~u:t
breccia” fracturoa, and vein fillingn,

OVOr half of tho knwrn ut%nium J@CIJrrOnCCn in the
qusdran~lo ● ro frond in throo maJ~r ur~n:urr din-
triotat the C9chctopa, Marehall Paan, and P~w4cr!,~,rn
diatriotn (Fig, 9), In fact, nearly 600 000 t~nn af’
UrMiUrn 9rQ emtnining hctuecn 0.11 and 1017 PC!’
oont UqOR havo been prduccd from, the Mcmtronc
quadranelc (compiled fram Nolaon-Mo~~c et al., 197fi~.
Moat pr~ductim la from ❑inoa in the Cochct~pa and
Rarehall Paaa diatricta, Thouc mining dietricta and
othor uranium Qccurrenco@ in tho quadrangle aro
briefly dcecrtbod in Tahlc I and their l~cmtion~ aro
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In arfter to e~ftcicntly intecratc larcc Valumoh
ef data, it ia nccoaaary to Uat the vari~ua data
nnts int~ apatinlly cmaparablc formata, Thorofere,
after data acts ore abtaincd, they sro digiti~ed and
gcmctricclly ro~iatarcd t~ tho Univcrnal Transvcrao
!fcrcator ~UTM) projection. The UTI; coordinate myatom

in m r~ctanfli:ar equal ● r(w proJccti5n ari4 t!ir c99r-
Jlnatc bmindarioo choncn arc nlight:y :~r~cr thrill
the Mmtrmc qu.sdran~ic boundaries.

?or tho Mmtroac ~uadrangle, the rffcrcncc CV:4
acll!ctod has a grid npnc]ng (and rcboiutim~ qf onc
kilometor, cxact:y coinciding with the UTP Rid for
thim part ~f Colvrado. ?ho l-km ~peinp :9 a:ro t~,r
nmn: lent rcnnmablc ch~ico for cmc:vd~ner w:th t!,c
krl~ing intcrpnlati~n achomon uac., f~r a:rt~rt,c ani
gcochcmical dn t~ , Rccausc the covncrn 3! t), c

Montronc 1“ x 2’ quadran~ic d~ nat form u per?c.ct
rcctan~le ~n the UTP pro~cctien, the e’..qfi~!~! rcc-
tanglc that cmn h defined m tho •am~’.~ P:,4 t!,nt
will cwcr the antirc quadrangle wan ●cJcctcd, :t, An
romultn in an inde~ act af 119 rwa and 17’J eo;umn!,
to cove: the 1’ X 2° ahcct--a t>tn: af 21 ‘n: rrif
cclla. All dntn acta ● rc koycd to rrid @r;: ihr_-
tionn .

hta intcgrati~,) requires rcaamplin~ oaeh dntl
●Ct tb tho nclcctod grid, p,int dat~ (8UU}, “, !:,ky
data) orc atatisticni)y arnqothcd hn.i intc~~q:ntrl tq
the rocts,ngulnr arid, Ibtn availati~ an n fi~,er
roa91utiwr, such ● n ~5].-Jgiclnformatin)), hrr WJk.

sampled to the 1 km UW grid. Idr~::y, the f’:?il~!c I
pr~duct givc~ comFl]ter acctian ta all dntn nctII
SSlmul tanoeu~ly f~r any doo!rod ,lc~tlw,

Onto the data sctn are intc?ratcd ●nd apt:a!ly
rogistcrcd, they can hc ciam!ncd atatlaticclly fo.
rcl#timahlp botwccn data scta and ind:vidua] vari-
abloa and ●lme for algnificant ptt~rna derived from
the datn, Individual data ●ctn cm be analytically
and vioually ovcrlairt, AJi poamiblc c~mhinatiana of
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t%rcc. fir all data octa.were cxamncd far gcnerml
g.a:agic carrclaclma by utllizxg ● calar ■lcrafllm
3-IEFUC i%livn- Gc al., l%lj.

small :Ca c mroaa cntalnlng h9vtl uren lum
accurreficcs. prcd?mlnancly fr= Me Cmhe:?p uranium
dxatricc. woro cxtrmctad mnd examlnod. A prellmamry
classifxcstlan achemo. bame~ M c}::scterlstlcs af
the Mlaw. accurrcncen m this district, WM then
~oncrmtod OMd Itcratjvoly roflned. Thls clmsn:flca-
tian w1ll bo tes tcd far tho enure Ratroae qued -

rw.glo ta dctcrmlne If similar urmmi~ occurremco~

CWl kC fxmkd.

~rregularly ●pcod data pmnta. ABC standard amaamp-
tlm lm *mt tho 9~tlal cavarzanco m emall roglma
la dopndont only on tho dlstanco botwoon pmntm.

If this covmlbnco tictlan wore knti, an unblaocd
emtmate of the ~le-nul c5noentrat13n at en umoam-
plcd lacatlan cmn be fsmd, together vlth m entl -
mwte of the w.tmncem In pracclco, tho ●~tlal
c~varlance functlan factually. a related fhnctzan.
the rarlagfmm~ mat be mtmmted ●n well.

3UW MO aatl~w of the ●lemental ooncentratlm
vam fa~d for _ch mid cmtcr m the l-km &ld an
# uai~tad average of nearby ■mmplem. Ihe neeroot
flwe ●mmplea wero ueed. provided there wero flvo
wlthn ● ~-h radium of the grid point: alao. s1l
●uplem within 5W B 8ere wed. swen when tho tatal
wmm ~mater timn 5. Men ~erc were Cm or lean
memplem within 5 RB of ● UId paint. no eatinxtc van
campu-d end the @ld punt wma aaal~cd ● zcra
value. The Velotlng ~f theme #&mploa dz.?ndcd m
their dlawnce from the =ld paint and an u.c
oetlmated vmrla~em. B3 pravlalm wan udo far
ctrea~ dralnagee. ~oaum-- ● - elemental c3nccntra-
taana w be below detectian limits fczphilncd lfi
Teblo 11). ●uch valuom ● re dawmvcl~. ted.

E:cmcn t

Aluunum
ArscEl:

*rlum
Cal Clum
~crlum
Catka; t
Chrmlum
C .ppcr
LynprmluP

I mn
Ha fhllim
Pataam:;m
LI Ckitim
Man@ancmc
Lamd

Scandl ..m
T~a,lu~
Ti tahium
Vanadium
:1 rctnium
Zinc
Uremlum



Airborne Radi~nctric and Aorma~ctic kta

In fall 197S, as part of tho RIJRE program, am
ai?tornc radimctric and aormagnotic au rv ey Wac
mado of wostcrn C?lwade end eastern Utah. M ta
preccasing mctk,~de, rcgipnal gool off, and evaluatlm
techniques f~r this rogisnal aurvoy are ●mmarized
in gco!!ctrica (1979a); go~Mctrica (1979b) 10 a
gc519gic awry ~d evaluation of the Hontroso
quailr.amglc. A summary of the characteri=tion of
all urenifcrme I,rnvincoe by aorlal apectrometry can
bc found in Saundcra (1979).

Su~?aco gamma radiation la producod primarily by
th,c radioactive decay ef potaaaium-40, thorium 232,
and ur&nium-2J9. Gamma-ray I.ntenai tiea ● ro mo~aured
by an airbarnc apcctremotor from tho potaaaium-40,
thallium-?08, and bismuth-214 pouka. Because the
parent heavy nuclidca !lo n~t havo distinct gamma-ray
pcaka, dau~tcr thalliw and bismuth Intenai tiea
arc read; the daughter praducta biamuih-214 (for
uranium -2J8) and thallium-20@ (for thorium-2Y2) ● re
asaumcd to be in equilibrium with their prent
nuclidca (Adams md Caaparini, 1970).

Mewing at a ~tendard groud apeod of 110 Icm@
’70 mph), the ai?bernc apcctromotor meaaurea Uamma
radiation frcm Qnly the tap 20-50 cm ~f ground ●ur-
facc (Cr:pory end Herwoefi, 196?). tich data point
is 0.7 intc~atcd ❑casuromcnt ~f gamma raya taken
n?rmally from a helicopter and ●ccumula ted aver a
f’ixc5 pc~iod of time, usually onc ●ccond. ?9r the
Ycmtrgac qundranglc, a cmc-accmd ample c~rrcapmda
to a ?!5-m f700-ft) iong by 185-m (600-ft) WM1 on
tk.c grclund, i.e. , anc data point rcprcnonte abeut a
40 000 mp area (gcbtict~lca, 1979a). The MOntrcmc
quh~ra.r)glc ccmtaiaa ~vcr 200 0CY3 points fw emch nf
the acvtal ractlozctric and acrma~.ctic bands.

Lact-west prof~lcs ucrc fltm nt 4.8-km ‘3- EIilc)
spocin~ for the southcmst qu~rtcr of the Kontroac
q~~irar(g~c and 7.2 km (2 mi?cs) fbr the rent ef the
~’Jlli7~~:c. No~th- south tic linca were flewn at
~C1.~.km ~12-r. tic’ Opcillg. $l:~ht linca ucrc flmfn
bt a 122-E (40@-ft) mean tcrranc clcarancc.

The firnt otcp in gcttirtg fram ~-nncly anmrlcd
~:~F~.t l!nca to the l-km rectangular grid la ta
nr,~~th end au~aamplc the n~isy ●criul radiomctric
data alorg f:l~!it lincb. Th:a lF dono uain R an
autmatcd kriging pr~ccdurc, wtcrc tho parametora 5!
tkc va:iogram ,:rc cstlmatcd le~ally, dcponding cm
tbn lecal mign9t-t9-n9iac r?ti9. The rcmult ja an

n), nrtjvc fl: tcr. In rcpima whcro the dn$,a ● ro nat
chnrig:ng mur~,, rclntivc ta the naiac, the amoethcd
c~timntc is alm~ot an unwclghtcd ●vc-agc of mcaourc -
mcntn in a rc; mtivc; y lcmg acgmcnt hf the flight
l:nc ‘stout 1.5 km’: in ● ,’ogim whcro the aignnl la
char, ?:rls rap$dly, ncart,v ❑caaurcmcnta arc Much mere
hca;)ily ucifitcd than ❑ wa distant onom.
kr!ped

Thcac
catimatca ( tbgcthcr with crrer oatimaton~

were camputcd @very 0.4 km almp each flight ljne,
thnt la, at ●beut vnc-tenth tl.c donnity nf the orig.
lna; qnc nccm,d ❑cauuremcnto,

Frm this p~ir. t, intorpalatim ont~ tho rectan-
gular grid procoeda much ●m for t.hc hYdrageachomicml
da tn. A vtri~gram la cemputcri and uood t~ f~rm an
cat~riatc ●t each grid ccntor point ●n a weighted
nvcr~fr af tho nmo? thed dots (with ooeaciatod
c?r~va ‘. All ef the oma~thed data withitl 1.5 km sf
● @ivcn grid contcr p~ink were uaofl in ferming M
cntirmtc at that ccntcr paintl ● circlo af thio
rndiun intcrocctn at ]onot tw~ flight linem, except
when ccntcrod ●t ● fow points in tho ●mtheaat part
bf the quadran~lc.

The mcrmtgnctlc data ue,’c similarly trcatod,
cxecpt thmt mlmg fli~ht ljficn, bocauso thoro in
very litt!c nainc in thcot dtita, v~luoa ●t 0.4-km

intorvala were determined by linear intorpolat!.on
between the two neareat moaeuromenta.

iboum Uraoium Ocourroncea

About 90 urmium occurrancea or areaa with abnor-
mal radioactivity aro known for the Uontroac quad-
rangle (Yig. 3). These occurrences ●re described in
Table I.

In order to aombine this imforrntian, which la
eaaentially point data, with other data setn, it waa
noceamary to digitize the oocurrencee and maeign
each ● UTM ooo.”dinate. ~ch kmowo occurronca waa
●aai~ed ● ooded number from which me oould identify
the de~ait ~. ~ch ooourrenca vaa ●lao aaaigned
● mid 0011 lo~tion ~ the 179 x 119 rectangular
grid . This ●llewad ua to exuine amy one occurrence
by simply identifying the comdinatea for that grid
cell. The oocurrencea, the!r codod idontificati~n
numbers, and their grid cell eoordin6 ion arc given
~n Appendix A.

CcV310gic Hap

The rocbnnaiaaanco geolouic map ef l%cto et al.
(1~”/6a), acalc 1:250 OW, uaa ueod ●a a baao map.
Tucto’a WP con~ina 57 mepble forma tiwra. To
facllitato intcrprotation efforta amd bocauac many
of tn~ac unita ● rc dcpaitiwal]y similar, the 57
farmatinna nf Tucte weru grm~d inta 17 aclcctcd
goolclgic “unit ~.”

A mylar trar”prency waa then -de fer t! ia map
by ●aaigning aa+h unit a acprato mylar color, Caro
wae taken t~ smoi~ col~ra thit oould eaaily bo
roablvcd b:{ a ccmputor bhon tho primary cal~ra ● ro
oxam!ncd . The mylar tranepercncy uaa uecd in an
attempt to ●saign each w:i . a conaiatcnt calnr dcn -
aity.

The ❑ylar tr~aparcncy waa then phntographcd onto
70-mm caler film. T’hc colqr film wao digitized on ●

PDS ❑icrodcnsit~mctcr te obtain throc 512 x 340

digital ●rraya c~rrcapmdi~g t~ the grocn, rod, and
bluo exFaauroo, rcapectivcly, en magnetic ta~. The
threo di~ital ●rraya were .i, sorted Inte a COMTAL&300
digital $iaplay unit to form a c~ler imadc of the
ge~legica; map. Training acto were then defined for
each ef the 1? gc~laglcal units frmn ina~ctim of
the C’J15r display. ?inaliy, each grid CC:l wan
clsaalficd ●n bclcmging ta onc of the ~colog~c unitn
by using m aimp:c minimum diatancc claesificr, Then
the claagificd 517 x ~4Cl array was oub Bamplcd, usln~
a nearest ncighbar ●lg~rithm intcrpalmti.m, t? t)lc
179 I llq UTMgrid.

&cauao the cmtncta bctwccn mylar cut~utn (cnch
Cu t5u ! carrcapmding to ccmtlguw~ geologic un]ts)
da nat f~i perfectly, meat cla~aif~ cation crraru
eccurrcd ●leng be~lndarico bctwccn gc~logic ur, i 1.
This problom wam alleviated aomcwhat by a =diun
filter operating bath ●r ● prcproconeor and a peat -
pr9ccaa9r. ?inal cleanup of the map wam ace~mplinhcd
manually on the 179 i 119 ●rray.

Claaoificat16n Schomca for the Cochctap Tent Arcao

In this acctian, the pr~ccdurca arid mcth?dn umnd
te dctormlnc a clasaificmti~n mchcmc hy using tc:t
● ream from the Cochctop urtiium diatrlct arc ~ut.
lined. A prcllminary, ●lt, citcrude, clasnificati~n
snhome woo ●ucoeaafully dcvu?a~d.

MO ar~ lmkin~ fer rcclol,al fattcrnm that mav
indicate uranium mincralination. Thcnc pttcrns aey
be indc~ndont of UIy individual high or lW value
f~- any Civcn data act. It in tho cambinatlma of
vxrimia data aota that wc believe will ultimetoly
!olp ta identify the rugimal pattcrna.
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For a first approach, potential data sets can be
nelected by examining ttl> range of valueo in ●ach
data eet for those grid cells containing known ura-
nium cccurrence9. Such data are shown for ● sel~ctad
number of grid cells containing known occurrences in
the Cochetopa and Merahall Paae uranim diotricta in
Table 111. Each occurrence in thin tabla 1s daaig-
nated by both grid cell location .und code number
(from Appendix A). The valuea in Table III represent
kriged data. Classification criteria (i. ●., inter-
vals for ●ach data set) were then selected from this
table. Criteria for Cochetopa-type uraniu mineral-
ization were ne.ected primarily (but not solely)
from occurrences 200616, 200619, and 200631. Cri.-
ceria for Marshall Faas-type mineralization (pri-

marily occurrences 200515, 100621, 400627, and
100618) are Included for comparison.

Intervals for each of the 28 data mete were

selected from Table III. Grid cells aatinfying the
selected intervalg for each of 28 data aata were
then selected by the computer. Grid cells containing
data sets that fulfllled all 28 criteria, 27 of 28,
26 of 28, ●tc., are thus identified. It waa hoped
that this procedure ❑ight create a halo efface around
the test areas and ot:ler areas favorab!,e for uranium
mlneralizscion.

Classification

Two .aeta of criteria were selected for test areas
in the Cochetopa uranium dlscrlct; based on these
criteria, two separate classification schemes were
completed , COCH-1 and COCH-2 (Table IV),

Data set intervals @elected for COCH-1 are rela-
tively wide, i.e., the difference between the upper

and lower limits for each data aet resulted in sev-
eral areas of potential favorability for {,ranium

mlneralizaclono Figure 4 shows the grid cello aaL-
isfying 26. 27 of 28, 26 of 28, and 25 of the 28
interva19. Care must be taken to oprimlze window
criteria both to include all tratning se: grid cello
and yet be small enuugh to avoid obtaining r.he entire
quadrangle as an area of favorability. Therefore, a
necond iteration, whereby the COCH, 1 data oet lncer-
vals were narrowed, particularly with respect to Al,
8a, Ce, Cr, Cu, Ti, and Us, was run.

There ● re nine areas that oaciufy 25 or more of
the 28 nelected interva19 for COCH-2 (Fig. 5).
Area A contains the Cochett.pa mining diarrict, and
66 grid cell~ cluster in thi~ region, Here , only 3
of the 11 grid cello containing known uranium occur-
rencaa were primarily used as te~t areas, yet 6
(Includlng the three teat ●reas) of the 11 chow Lp

as favorable grid cells. All uranium occurrences it,
this district ● re surrounded by grid cells of favor-
ability.

Seven cells cluster in Area B, ●nd thla ia ●

larBe number of grid cells relative to all other
arean except Area A, Thus , Area B may have good
potential f,, uranium mlnerallzation, )fomt of thaae
Rrid cells ● re from the drsinagea of T’omichi Craak
(USGS, 1956), juct north of the Cochetopa diotrlct,

and ● re underlain by ●lther Ollgocene ash flow tuffs
or Precambrian ❑etamorphic unlta or ● re on the con-

tact zona batween the two (Tweco et ●l,, 1976a).
Potential uranim dmpoaite in this ● rea would prob-
●bly be fault or vein-controlled (Nelson-Mrore *t
al., 1978).

Area C in Fig. 5 corroiDta of four scattared Brid
Calla. Threa of cha~e ●ra undarlaln by tha Piancos
formation and would probably not ba prime ● raaa of
favorability for uranium mineralization. Houcvar,
tha ilancoa doss contain uranlurr-rich, coal-bearins
unlta, ●nd tlieae may ba influencing tha ●electlon of

grid cells; radioactive springs have been repnr:e?
in Cretaceoua Urzita :n this quadrangle (Cadigan
●t ●l., 1976). Ona grid cell in this clueter ia in
alluvium but ●lao occurs in ●n ● rea that drainm
Precambrian granitic and ~tamorphic rocks and la
near a fault zona. One knovn occurrence of vein-type

TABLE IV

DATASET INTERVALS FOR ~ COCNETOPA
CMSSIFICATION SCNEPfES*

DATA
SET mai-1

(coat)

COCN-2

Al 45000-75000 5000C -70000
Aa 10-22
Be

10-22
550-1000 600-900

Ca 1oooo-25000 8000-20000
Ce <120 75-120
co 9-16 9-15
Cr <75 10-60
Cu ~90
w

1o-75
5-7

Fe
5-7

20000-35000 22000-36000
fir 8-16
K

9-16
1.2000-20000 15000-20000

Li 25-50 30-50
ttn 700-1200
Pb

800-1200
<30

Sc
1-30

9-14 8-13
Th >6 >6
T1 2500-5590 2800-450C
LIB >3 ~11
Uw o-1o
v

;’0.1
50-150 <90

Zn 40-120
Zr

~150
300-500 250-450

U/Th >0.35 >0.35
K40 1.5-2.1 1.5-2.5
eTh 7-9 7-9
eU >2.5 ‘2.5
Nag <-300 ~-boo

●AII values in ppm ●xcept for Uw, which iE in ppb;
U/Th, which 10 a ratio; 1(40, which is in pe-cent;
●nd lisg, which is in gammaa.

mineralization ia in this region (Nelcon-t!oore
●t al., 1978).

The third ❑ost favorable area delineated by this
scheme ia Araa D. Four grid cells occur along the
●aatarn tributaries of Flag Creek (USGS, 1956) and
are underlain by Middle Tertiary Oligocene granitic
Intrualvaa ●nd Palanzoic formation. Several fault
zoneo ● re i >cated near this cluoterc Paleozoic
rocks In f~,ui. contact wtth Precambrian rocks or
Ter:lary lrltruslves ● re favorable for vein- or

fault-controlled uranium mineralization in this
● raa. Examplea ● re found In the Harahall Paas dls-
rrlct (Pialan ●nd Ranspot, 1959; Nelson-Moore ●t al.,
1978).

One .grld cell in Area H containa almilar geology,
●nd occurs witl,in a few kllometera of two known
uran ium occurrencaa (US AEC, 1966b) and, conoe-
quantly, can be considered ●z favorable for uranium
mineralization.

Area E containa only three grid cello, ●ll of
which occur in ●lluvium that drainn Precambrian
granitic rocks. Uranium ❑ln~ralization in thio area
~uld p;obably be in veino or fractures, Araa F
contalno iour grid cells also underlain by Pre,
cambrlan Sranitic rocko. Two of thaae cello are
●loo naar ● fault zone, The other two Srid cello
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border the Mancoa formation. In general., any grid
cells located In the Precambrian crystalline terrai~
have some favorability for uranium ■irkralization
and the presence of a fault increanea that fav@~--
ability (Nelson-lioore et al., 1978). Thin includes
the grid cells in Areae D, E, F, H, end I.

The remaining group G containa nix grid cello,
one of which is located within the Narshall Pass
uraniw diotrict. The other five .-id cellm ●re
underlain by, or are in drainagen of, Oligocene
andesitlc lavas and breccfao. Nthoubh theme lavae
arc not a ❑ajor host rock for uranium minarmlization,
they do host several reported uranium occurrences
and minor deposits (US AEC, 1966c).

sUWiARYOF MAJOR RESULTS

This repor: describes a program developed at LOB
Alamoe National Laboratory to integrbte varioua
large geological, geochemical, and 8eophyeiCal data
bases for the Montro~e 1“ x 2° quadrangle, Colorado.
The techniques necessary to digitize, reRioter, and
integrate multiple data setB for a 1 km grid resolu-
tion are described. The primary purpoee of the
project was to identify, in the computer, areas
favorable for uranium ❑ineralization in the Pfontroee
quadrangle. CIa99iffcation achemea described are
based on test areas from the Cochetopa uranium dis-
trict. Several :egiorw that seem to contail. some
potential for uranium ❑ineralization are identltied.
Detailed examination of 6elected data acts and data
set intervals (e.g., the techniques of Beyth et al.,
1980a and b; Koch et al., 1979; Howarth and ?lartin,
1979; and Lanke.ton and Lankston, 1979; and Bolivar
et al., 1981) must be coupled with field verification
tc validate these areas as truly favorable for ura-
nium ❑ineralization. However, the ❑eth~dology devel-
oped 1s a rapid and efficient ❑~thod of resource
eval~tion on a reconnai99ance scale.
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APPENDIX A
LIST OF DIGITIZED URANIUMOCCURRENCES,

ftOSTROSE~ADRANCLE, CCLOMm
APPENDIX A

The follnwlng ltmtn the grid cell coordinetw for
●ach coded urani- oecurrencti. Tho occurtance
.>caclone aro shorn in Fig. 4 ●nd doecrlbed in
Tabla 1. The code is ●t follows-

The first three distte refer to the heat rock ●n

dnfined by Wlsan-!toore ●t ●l. (19?8). A 100 !s ●n
i~neou~ or metmmorphl host; a 2m 19 ● sandetone,
●rko~e, conEimerate, siltstone, or lake sedlewnt; ,:
300 [s a ❑prln: depom[t or ground wter occurrent;

L 400 de~lgnmtem ● coal, shale, or llmemtone host;
50~ In undettrmlnerl, The fourth di~it lden~lflec
the county.

1 - Deltn 4 . Hlnrdalt 7 _ ch, [fee
? = San Miguel 5 = Gunnlm,m @ = Park

3 - Ouray 6 = Sa},lachc

The fifth anl wlhth dlglc are locatlon numherm from

Plat@ ? of Nc!son+foore ●t ●l. (197El), Tho pixel

cmrdlnn[eo ar~ given r,]lumn f! rat (179 mntmue) ●nd
line necond (11~ Wxir,lm)m

Crld Cell Grid Cell

Cudr ~um~or C,>1urnn Line.—— . . . —— .—

I 00(, ) I 1,’1 ,Ih

l~i)~,nl 1’,’ 1:
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